Genetic effects on behavior were evaluated at a time in early development when we hypothesized that environmental influences are minimal and least likely to confound associations between temperament and genes. The behavioral effects of two common polymorphisms linked respectively in some, but not all, studies to novelty seeking (dopamine D4 receptor -D4DR) and neuroticism and harm avoidance (serotonin transporter promoter region -STPR) were examined in a group of 81 two-week-old neonates. Neonate temperament was evaluated using the Brazelton neonatal assessment scale (NBAS). Multivariate tests of significance showed a significant association of D4DR across four behavioral clusters pertinent to temperament including orientation, motor organization, range of state and regulation of state. A significant multivariate interaction was also observed between D4DR and STPR. The effect of the homozygous short STPR genotype (s/s) was to lower the orientation score for the group of neonates lacking the long form (L) of D4DR. When adult subjects were grouped by the STPR polymorphism there is no significant effect of L-D4DR in those subjects homozygous for the STPR short form (s/s) whereas in the group without the homozygous genotype the effect of L-D4DR is significant and accounts for 13% of the variance in novelty seeking scores between groups.
Introduction
Although large-scale twin studies demonstrate a considerable heritable component for human personality, [1] [2] [3] only recently have common polymorphisms been related to specific personality characteristics. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] The long version of the dopamine D4 receptor exon III repeat polymorphism (L-D4DR) has been linked to novelty seeking (NS), 14 a personality trait characterized by impulsive, exploratory, or sensation-seeking behavior. The short form of the serotonin transporter promoter region (s-STPR) polymorphism has been recently linked to harm avoidance (HA), neuroticism or anxiety. 9 However, not all studies have confirmed these findings (reviewed in Reference 14) . One likely explanation for the failure to corroborate initial studies is the considerable environmental contribution (ෂ50%) to the variance observed between subjects in measurements of adult personality. We have employed a novel strategy and measured temperament variables and these two common monoamine-related polymorphisms, D4DR 15 and STPR, 9 in 81 two-week-old male and female neonates using the Brazelton Neonatal Behavioral Assessment Scale (NBAS). 16, 17 Neonates were studied in order to minimize environmental influences that may obscure associations between genotype and adult personality traits as well as to study putative temperament genes (D4DR and STPR) whose phenotypic expression may be developmentally dependent.
Methods
The newborn group consisted of 40 males and 41 females with a mean ± s.e.m. gestational age of 39.2 ± 0.15, (range [35] [36] [37] [38] [39] [40] [41] [42] weeks. One newborn was pre-term at 35 weeks. Their mean ± s.e.m. birth weight was 3287 ± 53 g (range 2200-4075). There were 21 Ashkenazi Jews, and 60 non-Ashkenazi Jews. Seventy-one newborns were born by spontaneous vaginal delivery, five were born by cesarean section, four by vacuum and one by low forceps delivery. Sixteen labors were assisted by meperidine analgesia and eight by epidural anesthesia. Complications of labor and delivery were prolapse of cord in three cases, slow delivery in four cases and fast delivery in two cases. No newborn had trauma at birth. Infants with 5-min Apgar scores under 8 points were excluded from the study. The mothers' ages were 18-36 years. No mother had pre-eclampsia or eclampsia; history of mental illness; abused drugs or alcohol during pregnancy. Twenty-four mothers had medical conditions during pregnancy: seven had diabetes, three had raised blood pressure, two had hypothyroidism, four had edema of legs, two continued smoking during pregnancy, one had early contractions of uterus, one had hyperemesis gravidarum and four had transient mild urinary tract infection. The study was approved by the Helsinki Human Subjects Committee (RIB) and only parents who gave informed consent for cord blood analysis and a home visit for NBAS were accepted into the study.
Collection of placental-cord blood
The cord was first well cleaned. The placenta was held on a plastic pad covered with cotton to prevent contamination with blood and secretions from the maternal side of the placenta. The umbilical vein of the cord was then catheterized and blood was gathered into tubes containing EDTA. Some contamination of cord blood by maternal nucleated cells is unavoidable. A recent study shows that in almost all cord blood samples a maternal allele could be detected using a highly sensitive PCR procedure but the level of contamination was very low, between 10 −4 and 10
maternal nucleated cells per cord blood nucleated cells. 18 This low level of contamination is unlikely to obfuscate detection of common polymorphisms in fetal cord blood samples. In the current study the D4DR repeat polymorphism readily allows detection of troublesome levels of contamination since the appearance of a third allele on the gel would be indicative of the presence of a maternal allele which has been amplified sufficiently to lead to artifactual results. In the cord blood DNA samples not a single case of such maternal alleles was observed.
Neonatal behavioral assessment scale (NBAS)
The NBAS assesses the behavioral repertoire of infants from birth to one month. The scale consists of 28 behavioral items scored on a 9-point scale and 18 items assessing neonatal reflexes scored on a 4-point scale. Data from the NBAS are reduced to seven summary clusters: Orientation, Motor Organization, Range of State, State Regulation, Autonomic Stability, Habituation, and Reflexes. The orientation score measures the infant's ability to attend to animate and inanimate auditory and visual stimuli and the quality of his overall alertness. The motor organization score is an index of the infant's activity level and the quality of his movement and tone. Range of state is a measure of the infant's arousal and state lability. Regulation of state assesses the infant's ability to regulate his state during increasing levels of stimulation. Autonomic stability measures signs of distress related to homeostatic adjustments of the central nervous system. Habituation measures the ability of the infant to respond to and inhibit discrete stimuli while asleep. However, it should be noted that in many of these neonates habituation could not be evaluated at two weeks and this cluster was not included in the analysis. The reflex summary score records the number of abnormal reflexes. Two weeks after delivery infants were assessed in their homes with the NBAS by a trained examiner (VG). The last three clusters are not pertinent to concepts of temperament and, predictably, multivariante and univariate F tests showed no significant effects of the two examined polymorphisms on habituation, autonomic stability or reflex pathology. If we include in the statistical analysis autonomic stability (excluding habituation and abnormal reflexes) multivariate tests of significance, nevertheless, showed significant association of D4DR across five behavioral clusters (Hotelling's T 2 exact F statistic = 3.24, P = 0.01; power = 0.88) as well as a significant interaction between D4DR and STPR (Hotelling's T 2 exact F statistic = 2.46, P = 0.04; power = 0.74).
Genotyping DNA was extracted and genotypes determined as previously described. 5, 6 Statistical analysis The effect of both polymorphisms on the dependent variables that were measured in neonates was analyzed by MANOVA (SPSS for Windows). Multivariate analysis of variance takes into account the interrelations among the dependent variables simultaneously. The Hotelling's T 2 statistic was developed to allow comparison of several observed means to a set of constants and is adjusted for the fact that multiple comparisons are being made. Univariate tests of significance are not adjusted for multiple comparisons and thus should be used with a certain amount of caution.
The D4DR exon III repeat polymorphism genotypes were grouped by either the short (2-5 repeats) vs the long (6-8 repeats) alleles, by the presence or absence of the seven repeat allele, or by the 4,4 vs 4,7 genotype as previously described. 4, 6 The effect of the serotonin promoter region polymorphism was examined by two schemes. Firstly we compared the three possible genotypes (l/l, l/s and s/s). Secondly, we grouped the genotypes according to either of two designs: s/s vs s/l and l/l or s/s and s/l vs l/l. Multivariate F tests were significant only when subjects were classified by the l/l and s/l vs s/s arrangement (that assumes a non-dominant mode of action of the s allele). However, we are aware of the difficulty of interpreting results based on arbitrary grouping of data that removes degrees of freedom and inflates significance levels. We therefore examined our findings when the data are grouped by the three STPR genotypes s/s, s/l, and l,l (two levels of D4DR and three levels of STPR), a grouping which is not dependent on any arbitrary selection of genotypes. Multivariate F tests showed a modest interaction (F = 1.73, Hotelling's T 2 = 0.095). Univariate F tests show a significant interaction between D4DR × STPR (F = 4.26, P = 0.018) for orientation and significant main effects of D4DR on four of the NBAS-dependent variables: motor organization (univariate F = 3.27, P = 0.07); orientation (F = 6.89, P = 0.01); range of state (F = 2.67, P = 0.10) and regulation of state (F = 4.11, P = 0.046).
When the D4DR genotypes were classified by the presence or absence of the seven repeat allele a significant effect of D4DR was observed (D4DR and STPR by six dependent variables: Hotelling's T 2 statistic = 4.03, P = 0.005). Univariate F tests showed significant effects of the seven allele on three dependent variables (orientation: F = 13.83, P = 0.00038; regulation of state: F = 8.10, P = 0.006; motor organization: F = 5.57, P = 0.021). A significant interaction (D4DR by STPR) was also obtained when the D4DR polymorphism was grouped by the presence and absence of the seven allele (Hotelling's T 2 statistic, exact F = 2.59, P = 0.04). Again, univariate F tests showed a significant interaction between both polymorphisms for orientation (F = 5.72, P = 0.02). Similarly, when the D4DR genotypes were grouped by the two most common repeats (4,4 vs 4,7), a significant effect of D4DR was observed (D4DR and STPR by six dependent variables: Hotelling's T 2 statistic = 3.48, P = 0.01). Univariate F tests showed a significant interaction between both polymorphisms for orientation (F = 12.24, P = 0.001), motor organization (F = 5.57, P = 0.02) and regulation of state (F = 7.36, P = 0.009).
Our results are consistent with a non-dominant mode of action of the serotonin transporter promoter polymorphism. Lesch 8, 9 has shown that the short form of the serotonin promoter region is less efficient in mRNA synthesis than the long form of the promoter. A priori it might be expected that the homozygous s/s individuals would have the lowest levels of transporter and heterozygote individuals intermediate values according to the scheme: s/sϽs/lϽl/l. The results reported by Lesch 9 appear to indicate that this assumption is unjustified since they observed mRNA levels grouped by genotype as follows, (s/s = s/l) Ͻ l/l. As Goldman has noted, 8 these results are based on in vitro experiments with only three transfected cell lines measured for each genotype. We suggest that the functional physiological rationale of the genotype compression scheme currently employed by us and by Lesch 9 must await additional studies of the functionality of the STPR polymorphism.
Results
Multivariate tests of significance (four temperament clusters by D4DR short vs D4DR long and STPR s/s vs STPR l/s and l/l: see Table 1 for mean values) showed a significant association of D4DR across the NBAS clusters (Hotelling's T 2 exact F statistic = 3.81, P = 0.007; power = 0.87 at 0.05 level). Univariate F tests showed significant effects of D4DR on all four of the temperament clusters (orientation: No significant main effects were found for ethnicity or gender by multivariate analysis of the four behavioral clusters.
A significant multivariate interaction was observed between D4DR and STPR (Hotelling's T 2 statistic, exact F = 2.99, P = 0.02; power = 0.77 at 0.05 level) and univariate F tests showed a significant interaction between the two polymorphisms on Orientation (F[1,77] = 6.74, P = 0.01). The interaction between the dopamine and serotonin polymorphisms was further examined as shown in Figure 1 . The effect size of D4DR on orientation was much larger in those neonates homozygous for the short (s/s) STPR genotype compared to infants with either the s/l or l/l genotypes (partial eta squared: 0.35 vs 0.02). Moreover, no significant effect of L-D4DR on orientation was observed in neonates grouped by the STPR l/l or l/s alleles (F = 1.10, PϾ0.01) whereas the effect of L-D4DR repeat alleles was significant in neonates with the s/s STPR genotype (t-test: t = 3.65, P = 0.001). The effect of STPR (s/s) was to lower the orientation score for the group of neonates lacking the L-D4DR.
Our findings with neonates of an interaction between D4DR and STPR for the Brazelton temperament clusters suggested that it would be worthwhile to reexamine the role of these two genotypes in adult NS. As shown in Figure 2 , when adult subjects are grouped by STPR there is no significant effect of L-D4DR in those subjects homozygous for the short form of the serotonin polymorphism whereas in the group without the homozygous genotype the effect of the long dopamine receptor allele is significant (1-way ANOVA: F[1,86] = 12.62, P = 0.0006) and accounts for 13% of the variance in NS scores between groups.
Discussion
The NBAS designed by Brazelton 16, 17 in 1973 assesses individual differences in the level of neonatal neurobehavioral organization and includes clusters of items pertaining to temperament, which is seen as the earliest developmental manifestation of personality. These core clusters of temperament include orientation, motor organization, range of state and regulation of state. The NBAS is the most widely employed neonatal assessment scale and has been used extensively to study risk factors, 19, 20 the effects of obstetric medication and mode of delivery, 21, 22 maternal substance abuse, [23] [24] [25] cross cultural effects 26 and as a predictor of later development. [27] [28] [29] The NBAS is also related to concurrent and later measures of temperament in infancy and early childhood. 28, [30] [31] [32] The heritability of the NBAS-defined clusters has not to our knowledge been directly examined in twin studies. However, the role of genes in determining infant temperament at a somewhat later developmental age has been studied using other testing instruments that measure related behavioral clusters similar to those assessed by the NBAS. For example, a study of Chinese twins 33 demonstrated significant genetic variance for 6-month-old infant activity level, approach or with- drawal, intensity of reaction, quality of mood and threshold of responsiveness with heritability Ͼ0.39. Similarly, a second study 34 showed high estimates of heritability (0.44-0.65) for eight of the nine temperament scales measured by the New York Longitudinal Study instrument (NYLSI).
Although temperament dimensions between various assessment procedures are not equivalent, they do show enough overlap to suggest the possibility of meaningful agreement. The observed similarity between temperament categories measured by various instruments suggests that evidence for genetic effects using one instrument may be extrapolated to argue that heredity plays a role in behavioral items ascertained by related assessment procedures. Convergence among some of these different instruments 35, 36 for assessing neonatal temperament was demonstrated 37, 38 by the observation of a number of significant correlations between three widely used testing procedures (NBAS, NYLSI, and IBQ). In particular, the NBAS Orientation dimension correlates with approach, adaptability and distractibility defined by the NYLS and IBQ. Orien-tation appeared to be the most predictive of temperament characteristics indexed by the NYLS in this sample of 1-month-olds. These results reinforce the validity of measures of neonate behavior and suggest that the NBAS traits are also likely to have an underlying genetic substrate.
More direct evidence for a genetic explanation of the variance in NBAS clusters is provided by a controlled, laboratory study of temperament differences between rhesus monkeys from genetically diverse backgrounds who significantly differed in NBAS cluster scores. 39 Temperament characteristics were measured in Rhesus monkeys of Indian and Chinese stocks. All infants experienced identical rearing conditions in a neonatal nursery facility. Significant differences were found between Chinese-Indian hybrid and Indian-derived infants on orientation and state control but not on activity and motor maturity clusters. Interestingly, these differences parallel the anecdotally reported behavioral characteristics observed in Chinese-origin adults of several primate colonies and suggest that these adult behavioral differences are constitutionally or genetically based and emerge early in life.
Similarly, variance in NBAS scores has also been observed between human children from different cultural and racial backgrounds. 24, 26, 40, 41 Such differences may be partially determined by diversity in allele frequency of putative temperament genes among these populations. The study by Eishima 39 is of particular interest since the cross cultural differences in NBAS scores between British and Japanese neonates were assessed by the same observer. Curiously, British infants showed better orientation scores, which the current results suggest may be partially determined by the presence of the seven allele of the D4DR gene, an allele which is very infrequently encountered in Japanese and Chinese populations. 13 We believe these studies also suggest that neonatal temperament clusters measured by the NBAS may have some genetic basis. It should be noted, however, that the only twin study of neonates found no evidence for genetic influences. 40 The current report, which to our knowledge is the first demonstration of an association between common polymorphisms and early temperament, lends additional support to the notion that individual differences in NBAS scores may be partially determined by genes.
The seemingly contradictory connection between two common polymorphisms, observed in neonates and adults (Figures 1 and 2 ), may to some extent be resolved by the hypothesis that the interaction between STPR and D4DR is developmentally dependent, as are many gene effects that affect processes like temperament that unfold through the life cycle of an organism. We suggest that the changing relationship between orientation, NS and the two monoamine-related polymorphisms may be consistent with a concept that those behaviors, which stimulate interaction with the environment, are predominant or constitutive in infancy. This promotes active searching and acquaintance with the new world. Only homozygosity for s-STPR (and the correlative high harm avoidance) together with the absence of long D4DR alleles reduces interactive behavior. The infant can depend on its parents for protection against the potential hazards of such behavior. Later in life, when cautious behavior appears to predominate or become constitutive, novelty seeking is released only in the presence of the long D4DR allele and the absence of homozygosity for s-STPR. Although this hypothesis is plainly speculative, and goes beyond what the data rigorously support, we believe that future studies with neonates and adults, provoked by the current investigation, will help to clarify the complex, interactive relationships between genes and the development of human personality.
Goldsmith and Gottesman 42 have discussed the role of temperament genes during different developmental stages and some of their observations are relevant to the present findings. Temperament is understood by these authors to include a range of behavioral styles, including some that are observable at birth in neonates, whereas other traits only emerge later in development. Temperament dimensions are developmental phenomena affected by genetic and environmental factors to varying extent. Moreover, such temperament traits may be antecedent to later individual personality differences as the individual child matures. During development some behaviors can appear, others can disappear, while still others remain continuous and, during the course of development, become more differentiated. The predictive power of particular traits, however, may take any of several forms. [43] [44] [45] [46] [47] It is important to consider that later behavioral traits may have little face valid or intuitive relation to the content of neonate or infant temperament, although significant statistical correlations may be observed between developmental stages. Researchers who rely on face valid content in order to uncover antecedent temperaments in neonates or infants may miss important developmental markers of later personality dimensions. For example, when newborns were tested by heelstick blood draw those neonates who showed greater reactivity (more crying, shorter heart periods, lower vagal tone and higher cortisol), demonstrated lower scores on Rothbart's Infant Behavioral Questionnaire 'Distress to Limitations' temperament at six months. 44 Activity is the most frequently studied temperament in infants and at eight months shows moderate heritability. Activity level is a conceptually broad dimension, not intuitively related to intelligence. Nevertheless, in later development there is a modest correlation between early (8 months) activity measures and four-year-old IQ assessment. 42 Asymmetrical hand-to-mouth, self-calming behaviors at 3 months of age in chimpanzees were significantly related to general arousal (NBAS Range of State cluster) at 2 days of age. 29 In other words, individuals with a right-hand bias in hand-to-mouth behavior exhibited lower arousal at 2 days of age compared with non-right-handed individuals, another relationship that displays little face validity.
It appears then that longitudinal assessment of tem- peraments is difficult especially since the phenotype may subtly and continually change as development evolves. Likewise, the antecedents of novelty-seeking behavior (adults characterized as impulsive, exploratory, fickle, excitable, quick tempered and extravagant as defined by Cloninger's TPQ), may not easily be recognizable in earlier stages of development. Our findings suggest a strategy that may help to unravel the complex temporal expression of temperament based on studying the genotypic basis of these observed phenotypes.
The NBAS orientation cluster, which appears to be linked to the D4DR gene, may be antecedent to adult novelty seeking. A study by Korner and his colleagues can be construed as supporting such a notion. 45 Activity of children monitored by an activity monitor as neonates was again assessed at 4-8 years old. Moreover, the most active neonates became children who, perceived by their parents, tended to approach rather than withdraw from new experiences. Kagan's studies of inhibited and uninhibited children 46 also lend some credence that early in infancy antecedents of adult personality traits may be detectable. Four-month-old infants, who show a low threshold to become distressed and motorically aroused to unfamiliar stimuli, are more likely than others to become fearful and subdued during early childhood. On the other hand, infants who show a high arousal threshold are more likely to become bold and sociable. 47 Another example of an identifiable infant temperament antecedent to an adult personality dimension, is illustrated by a longitudinal Swedish study. 48 Interrelated components of adult Type A behavior have contrasting developmental histories, and temperament-related constructs (child's liveliness, sociability, and poor appetite) are important antecedents to the adult syndrome (adult irritability and hurried behavior clusters). Table 2 summarizes certain studies, including some discussed above, that demonstrate the modest degree of correlation generally observed between neonate and infant temperaments across developmental stages. The correlations are weak and explain only about 9-16% of the variance so that such temperament assessments, although they partially predict group behaviors, may not allow very accurate individual behavioral predictions. Overall, these results suggest, not surprisingly, that much more change than stability is observable from infancy to adulthood. Nevertheless, neonate and infant behavioral assessment instruments apparently tap into some core temperaments that persist, albeit in mutable expression, into later developmental stages.
Although the present findings are intriguing and represent a novel approach to evaluating the relationship of genes and temperament, several considerations suggest that the current study should be viewed with some caution. Firstly, these results are based on genotyping of an ethnically heterogeneous group of neonates. In particular, the possibility of population stratification contributing to spurious associations is especially problematic with a polymorphism such as the D4DR exon III repeat whose frequency differs markedly in diverse populations. 55 We looked at this issue by comparing the frequency of the various D4DR repeat length alleles in the two principal ethnic groups comprising our study (Figure 3) . No significant differences in allele frequency were observed for the two most common exon III repeats, the four and the seven, suggesting that population stratification is unlikely to be a source of spurious findings in the current study. Nevertheless, these results need to be verified using family-based methodologies. [56] [57] [58] In addition, the small sample size (81 neonates) for performing multivariate tests raises the problem of false positives arising from multiple testing. As with all first studies of this kind, these results need to be replicated in an independently recruited sample. Finally, for both the D4DR and the STPR polymorphisms we combined genotypes in our data analysis. This procedure is only marginally justified by current understanding of the in vivo physiological effects of these polymorphisms. 8, 9 Human behavioral genetics has been plagued by problems of validation and corroboration across diverse ethnic and population groups. Environmental effects account for a significant portion of the variance in normal and abnormal behavior. 1 It is not unlikely, therefore, that many of the difficulties encountered in the replication of behavioral genetic investigations are related to our inability to identify specific environmental factors, and adequately control for such differences, when diverse subject groups are examined. We hypothesized that behavioral genetic studies in apparently normal neonates may offer an opportunity to minimize environmental effects and maximize genetic influences. To our knowledge, the current investigation is the first attempt to employ such a strategy. We were able to identify significant multivariate associations between common monoamine-related genetic polymorphisms and NBAS temperament clusters. In both infants and adults venturesome behavior generated by the long form of the D4DR gene appears to be attenuated in the presence of the homozygous short form of the serotonin transporter region polymorphism, a gene which has been linked to human harm avoidance and anxiety. 9 
